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Abstract 
The spatial effect is very important to the deep foundation pit excavation, but a lot of things were still unknown about 
it. The spatial effect of a deep foundation pit in soft soil areas was researched through an engineering project 
monitoring and finite element simulation. The monitoring data shows that the maximum lateral deformation of the 
retaining wall on the longer sides of the pit was larger than the deformation on shorter sides of the pit. And the 
appropriate Young’s modulus of the soil is recommended for simulation of the deep foundation pit excavation in soft 
soil areas using Abaqus finite element software. 
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1. Introduction 
With rapid development of urbanization and rapid exploration of underground space, there are more 
and deeper foundation pit projects in city center. Foundation pits excavation would break the soil balance 
and cause the retaining wall to have lateral deformation. And nearby houses and roads would crack and 
sink when the lateral deformation of the retaining wall is too large [1-3]. In order to ensure the security of 
nearby buildings, roads, pipelines and other things, the horizontal deformation of foundation pit retaining 
wall must be controlled. Many scholars had done a lot of research work about this. WANG Jianghua et 
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al[4] presented a database of 31 case histories of wall deformation due to deep excavations in Shanghai 
soft deposit, and analyzed deformation behavior of the retaining structure. Long [5] found the general law 
about the deformations according to the study of around foundation pits. SHI Shiyong et al [6] proposed a 
new calculation model for analyzing interaction between retaining wall and bracing system. WU Hua et 
al[7] observed the deformation of the support structure and the building settlement near the foundation pit, 
and used finite element method to simulate the spatial effect on foundation excavation. Then they 
explained the appliance of the spatial effect to foundation excavation in Tianjin. 
Based on the analysis of the results drawn from finite element simulation of the excavation process and 
the monitoring data of the real deep foundation pit project in Tianjin soft soil areas, the appropriate 
Young’s modulus of the soil is recommended for simulation of the horizontal deformation of the retaining 
wall using Abaqus finite element software and the spatial effect of the deep foundation pit is researched. 
2. General Description 
The engineering site is located in Tianjin. And the total construction area is 187000 square meters 
which includes 137000 square meters on the ground. The basement has 3 layers of floor. The foundation 
pit is 16.7m deep. The layout plan of the supporting structures is shown in fig.1. 
 
Fig. 1. Layout plan of the supporting 
3. Monitoring Data Analysis 
3.1. Monitoring plan 
To ensure the safety of nearby pipelines and roads, the lateral displacements of the diaphragm walls 
were monitored mainly. The lateral displacement monitoring points plan is shown in fig.2 (in next page). 
There are 11 lateral displacement monitoring points which were laid around the excavation pit 
(NO.1~11). The lateral displacement of the diaphragm walls were monitored using inclinometer tubes 
allocated in the steel cages in diaphragm walls. 
3.2. Monitoring data 
Fig.3 shows the stable horizontal displacement curves of the diaphragm walls at different depths. The 
maximum horizontal displacement of NO.11 is 46mm which is at the depth of 14m below the surface. The 
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maximum horizontal displacement of NO.8 is 34mm which is at the depth of 15m below the surface. The 
maximum horizontal displacement of NO.5 is 40mm which is at the depth of 15m below the surface. The 
maximum horizontal displacement of NO.2 is 32mm which is at the depth of 12m below the surface. So 
the maximum horizontal displacement of NO.11 is biggest and the maximum horizontal displacement of 
NO.2 is smallest. That shows the space effect of the foundation pit, that is to say the longer side and the 
bigger maximum horizontal displacement. 
      
Fig.2 Lateral displacement monitoring points plan; (left) 
Fig.3 Curves of horizontal displacement (right) 
4. Finite Element Simulation 
4.1. Establishment of model 
 
Fig.4 The pit finite element mesh 
The foundation pit excavation has been simulated using Abaqus. The D-P model has been used to 
simulate soil. The element cell is Hex element, and the mesh is structured. The model is fixed with Hinge 
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Bearings at the bottom, and with rolling bearing at both sides where are free to slide. The mesh model is 
shown in fig.4. And table 1 lists the model parameters. 
Table 1. Model parameters 
Soil layer Unit weight kN/m3 Es (MPa) C (kPa)   ( o ) 
Miscellaneous fill 18.0 5.73 10 10 
Muddy silty clay 19.5 5.74 26.1 14.5 
Silty clay 19.2 5.87 12.9 24.2 
Silty clay 19.6 5.80 13.5 21.2 
Silty clay 20.1 6.16 17.9 18.7 
silt 20.6 13.46 4.2 34.8 
silt 19.5 7.22 30 16.6 
silt 20.0 12.99 9.15 32.5 
4.2. Calculation results 
The Young’s modulus of the soil is respectively used as 3 times, 5 times and 8 times as the 
compression modulus of the soil according to the local engineering experience. The calculated lateral 
displacement of the diaphragm walls has been compared with the monitoring data, and the results are 
shown in Fig.5. 
When the Young’s modulus of the soil is used as 5 times as the compression modulus of the soil, the 
calculated results of the four monitoring points are very close to the monitoring data (shown in Fig.5). 
The calculated maximum horizontal displacement of the diaphragm walls corresponds with the monitored 
maximum horizontal displacement of the diaphragm walls. So the Young’s modulus of the soil should be 
used as 5 times as the compression modulus of the soil when Abaqus is used to simulate foundation pit 
excavation in Tianjin soft soil areas. 
 
Fig.5. Calculated and measured results (a)NO.2; (b)NO.5; (c)NO.8; (d)NO.11 
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5. Conclusion 
According to a real foundation project in Tianjin soft soil areas, 3D finite element has been adopted to 
simulate the deep foundation pit excavation. And the calculated maximum horizontal displacement of the 
diaphragm walls was compared with the monitored maximum horizontal displacement of the diaphragm 
walls. The following conclusions could be obtained: 
(1) Because of the existence of the space effect, the longer side of the foundation pit would have the 
bigger maximum horizontal displacement. 
(2) The Young’s modulus of the soil should be used as 5 times as the compression modulus of the soil 
when Abaqus is used to calculate the calculated maximum horizontal displacement of the diaphragm 
walls in Tianjin soft soil areas. 
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